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Abstract
Growth  in  US  agriculture  is  linked  to the  non-farm  economy  through  domestic  terms  of
trade  and  factor  market  adjustments.  With  almost  stable  input  growth,  the  relatively  large
contributions  from  growth  in  Total  Factor  Productivity  (TFP)  are  off-set  by  declining  real
prices of primary  farm products.  The  resulting net growth  in value  of farm  output, at 0.25  %
per annum,  implies  that the  gains  in  TFP  are  shared  by  intermediate  and  final  consumers  of
farm products.  The decomposition  of TFP suggests that public agricultural  stock of knowledge
and  infrastructure  are  'robustly'  associated  with  TFP  growth,  while  spill-overs  from  private
agricultural  and economy  wide Research  and  Development  (R&D) are positive  but, relatively
small.
I. Introduction
Previous investigations  into productivity  growth in US  Agriculture  have tended to focus  on this
sector in isolation from the rest of the economy  (Ball et al.  1994, Chavas and Cox 1994, Huffman
and  Evenson  1993,  Capalbo  and  Antle  1988,  and  others).  When  the farm  sector  is viewed  in
isolation, the effect of changes in the domestic terms of trade on growth in the real value of farm
output, and on the productivity of resources in agriculture  are typically ignored.  If some economy
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grant.wide factors are not traded internationally, then changes  affecting other sectors are likely to affect
the  productivity  of resources  in the  farm  sector  through factor market  adjustments.  In  Figure
1, changes in the  real  price  indices for the three aggregate  sectors, farm,  industry  and services,
for the period  1948-91  clearly  indicate that the farm  sector's terms  of trade  with the rest of the
economy  has declined relative to the  1948  reference  point.  As the domestic terms of trade turn
against  the sector,  the value  of goods  produced  and  the capacity of the farm  sector to bid  for
economy wide resources can be adversely  affected.  Effectively, growth in one sector forces other
sectors to compete more dearly  for economy  wide resources.  In spite of unfavorable changes in
the terms  of trade,  and  the decline  from  about 6 billion  hours  in the  amount of labor in 1948
to only  3.3  billion hours in  1988,  the farm  sector's use of intermediate  inputs has risen, leaving
the index of total inputs employed relatively stable over the period.  The farm sector was able to
compete with other sectors  for inputs largely due to its fairly  high rate of growth  in  total  factor
productivity  (TFP).
This paper  contributes  to the noted  previous  studies of growth  in the farm  sector by using
a sectoral  Gross Domestic  Product  (GDP) function  approach to estimate  the level  effects  from
changes  in  input levels  and in relative  prices,  and rate  effects from  growth  in total  factor  pro-
ductivity  on the 'real  value'  of farm output.  The non-parametric  approach  applies the Quadratic
Approximation Lemma of Diewert (1976)  to this sectoral  GDP function to derive  indices of real
prices,  output,  input  and  TFP. In addition,  we  draw  upon  an empirical  approach  suggested by
Backus,  Kehoe and Kehoe  (1992),  to identify  the  sources of TFP growth.  US  farm  sector data
from  Ball  et al.  (1994)  for the period  1949-91  is  used for this purpose  along with  data on the
GDP deflator obtained from the Bureau  of Economic  Analysis, US  Department of Commerce.
Results  suggest  that  annual  growth  in  the  real  value of farm  output  (agricultural  GDP)  is
surprisingly low at 0.25 percent,  on average over  1949-91.  While TFP is the major contributor to
the growth in the value of farm output, most of its contribution is off-set by large negative effects
from declining real  prices of farm output.  Aggregate input growth has been fairly  stable leading
to a small contribution to growth in the value of farm output.  The parametric analysis to identify
2sources of TFP growth yields expected  signs of the coefficiencts,  but the analysis suffers from the
large variance in TFP series derived from the non-parametric analysis.  However, by smoothening
the series (Hodrick-Prescott  filter,  1980) and performing sensitivity analysis  (Levine and Renelt,
1993),  we  obtain  robust  coefficients  on  agricultural  specific  R&D  and  public  infrastructure.
Spill-overs  from private agricultural  R&D and economy  wide R&D  are  relatively  small.  There
is little evidence of the effect of learning by doing on TFP growth,  in part because these effects
are captured  in our measures of level  effects.
The paper  is organized  as follows:  the conceptual  and  empirical  frameworks  are  outlined  in
the next  section; results in section  Il  are  followed by conclusions  and policy  suggestions.  The
data is described  in Appendix  I.
H.  Model
Consider the case of two outputs (vectors) yj, j  = Agriculture  (A)  and Non-agriculture  (N)  and
three inputs  (VA,  VN,  VE  ) where  the input vectors  vj  , j  =  A, N  is  specific  to  sector  'j'  and
VE  is a vector of economy  wide  factors,  such  as  labor.  Following Woodland (1982),  define  the
economy wide  GDP function  as:
G(PA,PN,  A,  AN,  iE)  = max{pAYA(VA,  A)  +PNYN(N, V)}  (1)
where,
X =  {(vA,  ,'  N  v)  :  A  _  VA,v  N  <  N,  v  +  E<  ~  }  (2)
and YA  and YN  are constant returns to scale or vintage production functions (Diewert 1980).  Note
that the Lagrangian  multipliers  of this (constrained)  maximization  problem namely  (AA,  AN,  1E
) are  the  shadow  prices  for  the  three  types  of inputs.  The  envelope  properties  of  G imply
a=  yj, = A, N  (supply  of j)  riand  = w,, i = A, N, E  (factor i's return  rate).  Given the
solutions  (vE,  a'A,  tN) to the problem in  (1),  redefine  it as:max{(pAYA(vA,)  + pNYN(vN,  V)  :  E  <  VUA  <  VA,  VN  I  <}. (3)
Proposition 1  1
The solution to problem (3) is given by:
G(PA,PN,  A, UN,  VE)  = •  A(A, AA)  +  N(PN,~E,3N).  (4)
gj,  referred  to as the 'sectoral  GDP'  function, under certain  regularity  conditions completely
characterizes  the underlying technology  set (following Diewert  1974).  This product function is
homogeneous  of degree  one  in each  of p,  and  (iE,  vj)  and has the  same  envelope  properties
as the economy wide GDP  function.  gj and its specific (translog) functional  form are the basis
for the non-parametric  analysis (see Kohli  1993  for the terminology)  of contributions  to growth
in  sectoral  GDP. While other non-parametric  approaches  are  available for productivity analysis,
we chose this dual approach  largely  due to its empirical  advantages  in modelling  relative  price
variations  (Chavas  and Cox  1994).
The  farm  sector's  GDP  function  is  given  by  gA  (for  notational  convenience  g,  hereafter)
with four outputs , four sector specific inputs and one economy  wide input (see Appendix  I for
description  of data  ).  For given  real  price (p)2  and  sector-specific  input (v) vectors,  and the
quantity  of the  economy  wide  input  used  in this sector  (referred to as vE), define  the period t
theoretical  productivity  index (following Diewert  and Morrison  (1986)  who provide indices for
an economy  wide GDP function)  as:
gt(p, VE, V) Rt(p, rE,  V)  =  t-1  ,EV)  (5) g  (1(PvEiV)
1See  Appendix.II for proof.
2We derive  the  real prices by  deflating  the  sectoral  price  indices by  a GDP  deflator, in principle,  discounting
them for average  price increases in the economy.Rt(p, VE, V)  is the percentage  increase  in  sectoral  GDP (valued  at reference  prices)  that can
be produced by  the period t technology.  Two  special  cases  of (5) are:
t  t(Ptt  t-  t1  -1  Vt-1) RV  E  -- (6)
L  t-l(pt-l,Vt-1 Vt-
( 6 )
9 (P  ,v(PI  v  )
Rt  f  =t  (7)
gt-(pt,  v  ,  V)
Rt,  is a Laspeyres type index which uses period t-1  output prices and primary input quantities
as  references,  while  Re,  is  a  Paasche  type  productivity  index  based  on  period  t  prices  and
quantities.  Since (6) and  (7)  are  not observable,  a geometric  mean of the two can  be obtained
using a translog functional form for the sectoral  GDP function.  In Appendix  III the sectoral GDP
function  is explicitly  given  a translog  functional  form along with  accompanying restrictions.
It follows  that,
K  L
g(Pt, VE,Vt)=  t  A  A,k  EA  E  +  W  4,1A,1   (8)
k=1  1=1
where,  VE  is the quantity  of economy  wide factor  used in  this  sector and w is the vector  of
sector  specific factor  returns.  Then,
(Rt  Rt  a  (9) b  ,cse
where,
ptyt
a =  t  t  1  (10)
inb  = (1)  ptyt  +  pt-  t-'  )  (In  )  (11)
i  K  L  t  t-1  t-1  t
t  t  pt-lt-)  t-)  (12) k= P  Y  P  Y Pk1  E 1^  Xt-t  t- 1   t (
Ine = ()(  +  E  1)(1n -).  (13)
2  pty  t  pt-yt-l  vt1
Note that the right  hand side of (9)  can be evaluated using aggregate  price and quantity data.
In ((9),  a is growth in real value of output, b is a translog output price index, so (b)  is an implicit
output  quantity  index  while  c  and  e  are  a  primary  and economy  wide input  quantity  indices.
Individual  'real'  price and input contributions to growth in real  agricultural GDP can be obtained
by  disaggregating  the indices  in (11)  and (12)  (Diewert and Morrison,1986).  The output (real)
price  effect  for  each  good  'k'  is given  by  Inbk  while,  for each  input  '1',  input  level  effect  is
given  by In c  . For instance,  bk  is interpreted  as the change in farm real GDP (between periods
t and  t-1)  attributable to change in real  price of 'k'th good  from p1  to p1 holding other prices
(including  the economy  wide input price) and all inputs constant.  Equations (10),  (11),  (12)  and
(13)  comprise the key components of the non-parametric  analysis.
The  parametric analysis  attempts to decompose  the technological  change index (9) into com-
ponents  that can  be either  directly  or indirectly  influenced  by economic  policy.  This  index is
akin to  Solow's  residual,  total  factor productivity  (TFP)  and referred  to as  a  rate effect  since,
in the context of competitive  markets and constant  return to scale technologies,  it encompasses
sources  of technological  change that are not necessarily  among the choice set of individual pro-
ducers.  Examples  include 'spill-in  effects'  from new ideas, learning by doing and  expansion of
knowledge  leading to increased  efficiency  that, while  requiring  resources  to produce,  are  typi-
cally not taken into account  when individual  producers make production  choices.  These type of
effects (commonly  referred to as scale effects)  are common to the endogenous growth literature
where markets fail to internalize technological  externalities (Lucas 1993,  Grossman and Helpman
1991,  Romer  1990,  Stokey  1988)  so that growth rates observed  in competitive  equilibrium  can
be lower than those obtainable if policies  can internalize the externality.  Consider the following
representation  of technology  for industry j  = A, N
Mt =  ~ Atf  (Lit,  K3t)  (14)where  Yjt is  real  value added  of industry  j at time  t,  Ljt  is labor  input,  Kjt  is  capital.  The
variable  Ajt measures  the  external  effects of the scale variables.  Following  Backus, Kehoe  and
Kehoe  (1992),  assume that
Ajt+  = Ajt(1 +  3fTHt)'  (15)
where  3 is  a vector  of parameters  relevant  to the  components  in the vector  of scale variables
H such as R&D  expenditures,  human  capital  variables  and output levels  of the current  period.
Hence,  the growth  in total  factor  productivity  (9) is specified  as:
9gt(p, VE, V)
While these  scale  effects  were  prevalent  to the manufacturing  sectors,  there was little evidence
of externalities  at the  aggregate  level  (Backus, Kehoe and Kehoe,  1992).
In  addition,  this rate  effect  also includes unanticipated  changes  in  exogenous  variables  such
as weather and price (e.g.,  the oil price shocks of the early and late  1970's), and hence it tends to
contain  substantial  'noise'  as well.  (15)  is estimated using a log-log  approximation  as follows:
logTFPjt = /o  + ~  k log Hk,t-1  (17)
k
A 'time'  trend is included to capture those rate effects that are otherwise  correlated with time,
as well as to maintain the stationary properties  of the time series.
III. Results
111.1  Non-Parametric Results
Non-parametric  estimates of the contributions  from changes  in real prices and inputs and growth
in  Total  Factor  Productivity  (TFP)  to  the  real  value  of  farm  output  (agricultural  GDP)  are
presented  in Tables  1, 2  and 3 (equations  10,  11,  12 and  13).  Table  1 provides estimates  of the
7average  annual rates of growth of agricultural GDP, TFP, and contributions  from aggregate input,
and  aggregate  farm  price  for the period  1949-91,  and  seven  subperiods  (representing  business
cycles).  As outlined  in section.4,  productivity  growth  (9)  is measured as the ratio of growth in
agricultural  GDP to the growth  in aggregate  input, and aggregate  real farm  price.  On average,
agricultural  GDP  has  grown  at an  annual  rate  of 0.25  percent.  While  the  contribution  from
aggregate  output  price  (-1.96  percent)  is  large  and  negative,  the  contribution  from  aggregate
input (-0.09 percent)  is fairly close to zero.  The growth  rate of TFP is 2.30 percent per annum.
The  above  growth rate of TFP is consistent with  those reported  by Ball  et  al.  (1994)  and falls
within  the non-parametric  bounds  of Chavas  and Cox  (1994).  Hence,  our results  confirm  and
extend  earlier  findings that  productivity  growth  has been  the major  source  of growth  in  farm
sector  since  1949.  However,  our results  on  growth  in  the value  of farm  output  are  different
from  those of earlier  production function  studies  as our approach  is based on a  profit (sectoral
GDP)  function.  The earlier production function studies are partial  equilibrium  in nature and it is
argued that factors outside the farm sector have caused  the decline in the competitiveness  of this
sector  in the  US  economy  (Gopinath  and  Roe,  1994).  Our approach,  a sector-specific  factors
model,  provides the linkage between the farm sector and the rest of the economy  through terms
of trade (by deflating the prices of farm goods for average price increases in the whole economy
using  a GDP deflator)  and the  competition  for  economy  wide resource  (hired  labor).  Despite
high growth rates in the quantity of farm output as reported by others,  it is surprising to note that
the value  of the farm  output (quantity)  has grown  at  a meager  0.25  percent per  annum  during
1949-91.  In Table  1, disregarding  the real  price effects  gives a growth  rate of output quantity
consistent with these studies.  We are of the opinion that in analyzing  the returns to research and
development  one needs to look at the value of output augmented  rather than  quantities  per  se.
Table  1 shows that only two of the seven  subperiods  show positive contributions from aggregate
price  (1969-73  and  1973-79)3, and  three  for aggregate  input  (1949-53,  1953-57  and  1973-79).
A decomposition  of these aggregate  effects into individual  price and input  effects  is presented
3Price effects  during the oil shocks have been relatively  large leading to positive  subperiod averages.in Table 2 and 3.
On  average,  the  contribution  from  changes  in  aggregate  real  farm  price  to the  growth  of
agricultural  GDP  is  -1.96  percent.  Table  2  provides  the  estimates  of these  price  effects  for
each  of the  four  sectors  as  averages  for  1949-91  and  seven  subperiods.  From  Figure  1 it is
apparent that all  four prices have  declined in  real terms  and so their contributions  are negative,
as  expected.  The  effects  of the  dairy  price  index  (which  declined  faster  than other prices)  is
the largest  at -0.66 percent  per  annum  on average  over the sample  period.  The  price  effects of
grains and crops sectors follow with average annual rates of-0.51  and -0.50 percent, respectively.
The  price effect of meat is relatively  small but negative and averages  annually to -0.31  percent.
Subperiod  averages  show  that the effects of all  four prices  have been  consistently  negative but
positive  for those subperiod  averages that include the  oil  price  shocks of the seventies.  During
these  periods (particularly  1972-73)  the  prices  of these  commodities  were  relatively  very  high
(see  Figure  1).  However,  in  recent  years  the  magnitude  of these price  effects  have  lessened
relative to the earlier periods of the sample.  In other words, the livestock prices (meat and dairy)
have  contributed  positively  to  the  growth  of agricultural  GDP,  while  the prices  of grains  and
crops have  contributed  negatively  but  only to  a  small extent.  These  results document  what is
reasonably  well known that the domestic terms of trade has not been in favor of the farm  sector,
as a whole.  However, we are the first, to our knowledge,  to compute  contributions  from changes
in  prices to the growth of agricultural  GDP and hence,  these results  stand alone.
The contribution  from growth  in aggregate  input to the growth  of agricultural  GDP averaged
-0.09  percent  during the  sample  period.  However,  Jorgenson  & Gollop  (1992)  and Pardey  et
al.  (1994)  attribute  18 and  11  percent,  respectively,  of the growth of farm  output to growth in
inputs.  Our results differ  due to the  longer period  of study  as Ball  et  al.  (1994)  find  that the
contribution  from  growth  in  aggregate  input  (-0.03)  to the  growth  in  quantity  of farm  output
(2.17) is nearly zero.  The  stable aggregate  input growth disguises the major shifts  in individual
inputs that tend to off-set each  other.  Table  3  presents  the estimates of the contributions of the
five inputs to growth in agricultural GDP for 1949-91  and seven subperiods.  On average over the
9sample period, the contributions  from materials and capital  are positive (0.64 and 0.08  percents,
respectively), while labor (family and hired) and real property have contributed negatively (-0.56,
-0.20 and -0.05  percent,  respectively)  to the growth of agricultural  GDP. Among inputs, growth
in  materials  is  the  largest  contributor  to the  growth  of agricultural  GDP.  Subperiod  averages
show large but declining  contribution from materials while the negative contributions from labor
seem to lessen in  the later  periods.  The  contribution  from  real  property and  capital  to growth
in agricultural  GDP are relatively  small throughout the sample period.  In recent years all inputs
tend to contribute  negatively to the growth  of agricultural  GDP. The above results that materials
is the major contributor while labor and capital contribute negatively to the growth in farm output
results are  consistent with  the findings of other  studies (eg.,  Jorgenson  & Gollop  1992, Ball  et
al.  1994).
m.2  Parametric Results
The parametric  analysis employs (17) to identify the sources of growth in TFP. Many authors who
examine  the relationship  between  measures  of agricultural  Research  and Development  (R&D)
and  TFP growth  ignore  the  potential  importance  of the  rest of the economy4. As  argued  by
Levine  and Renelt  (1993,  p.  943)  in the  context of cross-country  growth  regressions  ' many
candidate regressions have equal theoretical status, but the estimated coefficients on the variables
of interest in these regressions  may depend importantly  on the conditioning  set of information'.
This is because (Cooley and LeRoy  1981, p. 825)  'economic theory does not generate a complete
specification of which  variables  to be held  constant when statistical  tests are  performed  on the
relation between  dependent and independent variables'.  Our analysis,  here, uses sensitivity tests
similar to that of Levine  and Renelt  (1993)  in exploring the relationship  between  TFP growth
and variables  of interest subjecting  it to alterations  in the conditioning  set  of information.  We
study the variables that have been the focus of attention in most studies and other economy wide
variables that are relevant  to TFP growth in  agriculture.  The relationship  between  TFP growth
4Huffman and Evenson (1993)  and others.
10and a particular variable of interest  is deemed  robust, if it remains statistically  significant and of
the theoretically  predicted  sign when the conditioning  set of variables in the regression  changes.
The conditioning  set, generally,  did not include variables that measure the same phenomenon  as
the variable of interest.
Initial estimates of the parameters  of (17)  had large standard  errors largely due to the variance
in the TFP growth series derived from  the non-parametric analysis.  Table 4A presents the results
of these regressions.  Our analysis  showed  that while  some estimates  are  of the  'theoretically'
consistent  sign,  most  of them  have  large  standard  errors  leading  to  the  conclusion  that  they
are fragile.  However,  it is  well  evident  from  Figure  3 that the TFP  series contains  substantial
noise  owing  to the  influence  of weather,  price  and  other  shocks.  Our  primary  interest  is  to
capture  the underlying  'growth  component'  of this series  that is devoid of these  low frequency
fluctuations.  So, we employed a Hodrick-Prescott  (1980) filter to smoothen the series.  Although
other methods,  (spectral  techniques, for example)  are available, this method was chosen because
of its  simplicity  and the fact that  other  methods  lead to basically  same  results (Hansen  1985).
The method  involves  choosing  smoothed  values  {st}T=  for the series  {ztx} 1  which  solve the
following problem:
1   T  A  T-1
min(  -)  (xt  - t) 2  +  (-)  E  [(s t +  - St)-  (St - St-1)]2} t   t=1  T  t=2
where  A  > 0 is penalty  on variation,  where variation  is measured by the average  squared sec-
ond difference.  A larger value of A  implies that the resulting  {st}  series is smoother.  Following
Hansen (1985),  we choose  A=1600.  However, varying A  between  1200 and 4800 did not change
the general  trend.
Figure  4  shows  the  plot  of the  smoothed  (filtered)  series.  The  plot  is  consistent  with  the
evidence  that  the  'green  revolution'  has been  the  most  important  technological  innovation  in
agriculture,  with  the  peak  around  mid  sixties  and  relatively  constant  thereafter.  We  carried
out  sensitivity  analysis  on  this  filtered  series  and  report  our  estimates  in  Table  4B. First,  the
11coefficient  on public agricultural stock of knowledge5 is robust.  The magnitude of the coefficient,
as  the  equation  was  estimated  in log-log  form,  suggests  that one  percent  increase  in  the stock
of knowledge results in a  0.8 % increase  in  productivity  growth.  In other words,  to sustain the
current  annual  rate  of TFP  growth  in  agriculture  (2.3  %), the  stock of knowledge  should  be
augmented  by 2.875  % per annum.  The impact on private stock of knowledge  in agriculture  is
not robust because the coefficient  changes  sign when subjected to alterations in the conditioning
set.  Earlier  studies  (Huffman  and  Evenson  1993)  documenting  responses  of TFP  growth  in
agriculture to private R&D expenditures  suggest relatively low spill-overs from private  research.
Public  infrastructure  has been  crucial  to TFP  growth  in  agriculture,  but,  its coefficient  ranges
between  0.002  to  0.18  suggesting  diverse  effects  with  differential  conditioning  sets.  While,
earlier studies (Munnell  1990,  Aschauer  1989) attribute 80 %  of the drop in productivity  growth
in  aggregate US  economy  (during the seventies  and early  eighties) to the decline in the growth
of public infrastructure, they do not perform  sensitivity tests of this nature.  With the inclusion of
the stock of knowledge, the coefficient  takes a lower value suggesting complementaries  between
infrastructure  and  stock of knowledge.  The  two  other  variables that  contributed  significantly
to TFP  growth  are  the  level  of intermediate  inputs  and  an economy  wide  labor quality  index.
The  level of intermediate  inputs have been  adjusted  for quality  taking into account  the various
attributes  of each  intermediate  input;  for  example,  the  nitrogen  content  of a  fertilizer  or  the
toxicity  of a  pesticide.  It is likely  that these  quality  adjustments  have not adequately  captured
the embodied  technical  change  and  hence,  following  Grossman  and  Helpman  (1991),  suggest
that the  product  variety  of intermediate  inputs  is  crucial  to the  technological  development  in
the  agricultural  sectors.  It has  been  documented  that  the  large  farms  operated  by  a younger
and better  skilled  generation  have  higher productivity  than  the small  or medium  farms run by
retiring  generation.  Hence,  TFP's  response  to  labor  quality  suggests  that  a  general  increase
in the skill  level  of the economy  contributes  to productivity  growth  in  US  agriculture.  While
policy  suggestions to improve overall  skill level of the population  is a complex  issue, adjusting
5See Appendix  I for definition and construction of varaibles used in this analysis.
12for quality  improvements  in  intermediate  inputs  or understanding  the process  of technological
development  through  these  inputs  deserve  further  attention.  There  seems  to be little evidence
for learning  by  doing as  suggested  by the fragile  coefficients  on the level  of outputs  of major
sectors  (agricultural,  manufacturing  and  services).
In summary, the source of productivity growth in US  agriculture is largely a process of sector-
specific  public investments  in research  and development  and  public infrastructure  i.e.,  the rural
development  dimension  of TFP  growth.  The  spill-overs  from  private R&D  in  agriculture  and
R&D expenditures in overall  economy are positive but, relatively  small.  There  is little evidence
of learning  by  doing leading to productivity  growth either within  the sector or with spill-overs
from other  sectors  of the economy.
IV. Conclusions
The major factor contributing to growth  in the real value of farm output during  1949-91  is tech-
nological  progress (average  annual rate of 2.30 percent).  However, the decline in the real  prices
of farm output relative to rest of the economy  have mostly off-set the positive contribution from
technological  progress (-1.96  percent).  This implies, of course,  that gains in factor  productivity
are shared by intermediate and final  consumers of farm products.  As aggregate input growth has
been fairly stable (-0.09 percent) the resulting annual  growth rate of the real value of farm output
is 0.25  percent.  Decomposing  growth of farm  output into components  (input  and technological
progress) under isolation from rest of the economy  has, in  the past, largely ignored the effects of
terms of trade of farm sector with the rest of the economy  and the competition among sectors for
scarce resources.  Our results  show that the farm sector is strongly  influenced by its unfavorable
terms of trade with the rest of the economy that affected its capacity to bid for scarce resources.
Hence, the farm  sector experienced  a lower growth rate and declining relative importance  in the
US economy.
The relationship between TFP growth and agricultural  specific R&D is robust while, the spill-
13overs  from private agricultural  R&D and economy  wide R&D are positive but,  relatively small.
Effectively,  the returns  to private  R&D are largely  internalized  with  some  positive externalities
on growth in agriculture's TFP Public infrastructure is relatively important and complementary to
R&D.  We also  obtain a positive  relationship between  the level  of intermediate  input (improved
seeds,  feeds  and  chemicals)  used  in  agriculture  and  its TFP  growth.  However,  there  is  little
evidence of 'learning by doing'  within the sector or with spill-overs from the rest of the economy.
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See Ball et al.  (1994)  for a detailed description of the data.  The US farm sector was disaggregated
into  four  outputs  namely,  meat  animals,  rest  of livestock  (referred  to as  'dairy  ' sector  since
dairy  share  of this  is  60  %), grain  (food  and  feed  grains)  and  crops  (other  than  grains)  for
which prices and quantities are derived as Tornqvist indices.  Prices were open-market prices and
do not account  for commodity  programs.  We  derived  real  price indices  for these four outputs
by  deflating  the  above  nominal  price  indices  by  a  GDP  (economy  wide)  deflator  (NIPA,  US
Commerce  Department).  In  Figure  2 the trend  (normalized  with  respective  prices,  i.e.,  1948
=1.00)  of the real  prices for  each  of the  four  sectors  is plotted.  Among the  five  inputs,  hired
labor is treated as an economy  wide input, while the other four, family  labor, real  property  (land
and  structures),  capital  (durable  equipment  and  farm  inventories),  and  materials  (intermediate
inputs) are  specific  to the farm  sector.  Again,  price and  quantity  data  on inputs  are  derived  as
Torqvist indices.
The data for the parametric  analysis  included Research  and Development  (R&D) expenditures
for the whole economy  (Science  and Technology Indicators, National  Science Foundation).  Con-
ceptually  the lagged  impact  of agricultural  research  on knowledge  can  be captured  by  defining
K,,  the stock of knowledge available  at  any  point of time as  a  function of agricultural  research
expenditure,  R in current  and previous  30 periods.
30
i=0
where weights wi  specify  the shape  (trapezoidal)  of the lag profile  linking research  expendi-
tures in  period t-i to the stock  of knowledge in  t (Huffman  and  Evenson  1993).  Public  infras-
tructure was represented by the constant-cost  valuation of highways and other  public  structures
(including  electric  utilities) owned  by  federal as well as  state governments  (Fixed Reproducible
Tangible  Wealth  in  the  US,  US  Commerce  Department.  Data  on  the  quality  of work  force
(economy  wide) was taken'from Jorgenson,  Ho & Fraumeni  (1993).  In addition, data  on macro
aggregates  (value added in  major sectors)  were from NIPA, US  Commerce  Department.
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The economy  wide  GDP function  is defined  as
G(PA,PN,  VA,  UN,  VE)  =  max  {AYA(vA,  vA)  +PNYN(VN,vE)}  (18)
where,
X  = {(VA,  VN,  V, vE )  : )A  <  VA,  VN  < VN,  V  +  < E}
The  following are the envelope properties  of the  GDP function  (Woodland  1982):
(i) Supply  functions for outputs
- 9   yj,j = A,  N
&pj
(ii) Factor return function  for sector specific inputs
=  i,  i = A,N
avi
(iii)  Factor return function  for economy  wide input
0G -- AE
9 X vE
Let the solution to the maximization  problem in (18)  be (v*,  vZ, v  *,v, , Atv,  A  A  ),. Set
v*A =  A and  zv'  =  VN  and define G  as follows:
G(PA,PN,VA,V)N,T'E)  = max  {pAYA(VEA)  +PNYN(E ,N)}  (19)
E
s.t.(~A  VA*,  vN  <  V  N*)
Proposition  1
If the solution to  (19)  (  2,  iA  ) is equal  to (vi*, v'*) then, E,  )/'  isUU  equa to( A N * hn
16A*-A*
G(PA,PN, VA, VN,E) =PAY(v A *,  A)  +  PNY(V*,  N)  =  GA(PA,  A,V  )+  N(PN, VN  VE
Proof  The Kuhn-Tucker  conditions for the problem  in (19)  include  (interior solution)
PA  A - A  =
-OYN
PN 4N  A E  =
E
so that, for j  = A,N
4E = A'(pj77)  E*)
Note  the  "separability"  of the  problem  in  the  choice variables  leads  to solutions  for economy
wide inputs used  in j = A,N
VE  =  v(Pj, Vi,  vE'
and therefore,
G(PA,PN,  A,  N, TE) =PAY(VE,  UA)  +PNY(v  ,  N)  =  GA(PAiA,A,)  GN(PN,  N,  E )
Once again, Envelope  Theorem  applied to this Gj gives the following:
(i) Supply  functions  for outputs
9Gj G  = y j  = A, N
(ii)  Factor return  function for sector  specific inputs
G  _-  = A,  i = A, N
avi
(iii) Factor  return  function  for economy  wide input
S=  E,j = A, N
OvE
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A translog form  for the sectoral  GDP function,
N  i  NN  M
In g(pA, VE,VA)  =  Co +  a  lnpA,J +  ()  ak  PA,j  PA,k  +  f  InA,i +  in VE
j=1  j=1 k=l  i=1
1 M  M  1  M
+()  •j,,  In VA,i  In VA,L  +  ()/ 3E,E(ln VE) 2  +  YE,j InPA,j In VE
i=1 1=1  j=i
N  M  N
S-E,i In VA,i In VE + E  i  6b,,  In PA,j  In VA,i
i=1  j=1 i=1
Note  that  the  first  order  parameters  are  time  dependent.  Setting  E=N  t  =  1,  EM  +
,E  =  1 and restricting  all  other  second  order parameter  summations  to zero  (e.g.  =1  aj,k =
0, Ei  i  A,l = 0)  imposes the homogeneity  properties of this function.
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TABLE  1:  CONTRIBUTIONS  TO  FARM GDP GROWTH  1949-91  (percent)
YEAR  FARM GDP  AGGR  AGGR  TOTAL FACTOR
GROWTH  PRICE  INPUT  PRODUCTIVITY
1949-91  0.25  -1.96  -0.09  2.30
1949-53  -2.82  -4.04  0.60  0.47
1953-57  -4.93  -6.10  0.27  1.04
1957-60  0.12  -3.14  -0.11  3.51
1960-69  0.96  -1.37  -0.66  3.13
1969-73  8.97  5.71  -0.19  3.38
1973-79  4.12  1.20  1.85  1.31
1979-91  -0.15  -1.93  -0.81  3.00
19TABLE 2:  'REAL  PRICE'  CONTRIBUTIONS  TO FARM  GDP GROWTH  (percent)
YEAR  MEAT  DAIRY  GRAIN  CROPS  AGGREGATE
PRICE  PRICE  PRICE  PRICE  PRICE
1949-91  -0.31  -0.66  -0.51  -0.50  -1.96
1949-53  -1.74  -1.70  -0.64  -0.06  -4.04
1953-57  -1.78  -1.72  -0.76  -1.95  -6.10
1957-60  0.70  -1.11  -0.94  -1.79  -3.14
1960-69  -0.02  -0.29  -0.29  -0.81  -1.37
1969-73  2.10  0.21  1.67  1.18  5.71
1973-79  0.59  0.49  -0.44  0.16  1.20
1979-91  -0.34  -0.38  -0.63  -0.65  -1.93
TABLE 3:  INPUT CONTRIBUTIONS  TO FARM  GDP GROWTH  1949-91  (percent)
YEAR  LABOR  INTER.  LAND  CAPITAL  AGGREGATE
HIRED  FAMILY  INPUT  INPUT
1949-91  -0.20  -0.56  0.64  -0.05  0.08  -0.09
1949-53  -0.29  -0.95  1.04  0.06  0.75  0.60
1953-57  -0.51  -1.03  1.60  0.04  0.19  0.27
1957-60  -0.17  -1.51  1.59  0.03  -0.02  -0.11
1960-69  -0.34  -0.75  0.44  -0.06  0.05  -0.66
1969-73  0.02  -0.39  0.03  0.05  0.09  -0.19
1973-79  0.05  -0.35  1.68  0.23  0.25  1.85
1979-91  -0.12  -0.11  -0.13  -0.25  -0.22  -0.81
20TABLE 4:  DECOMPOSITION  OF  'ORIGINAL  '  TFP  SERIES
INDEPENDENT
VARIABLE
1A.  AG R&D  STOCK
PUBLIC
IB.  AG R&D  STOCK
PRIVATE
1C.  AG R&D FLOW
2.  PUBLIC
INFRASTRUCTURE
3. ECONOMY  R&D








-0.05 to  0.27
0.0002
-0.13  to  0.12
-0.20 to 0.12
-0.20 to  0.13
0.01
-0.35  to 0.24
-0.11  to 0.07
-0.15  to 0.20
0.004
-0.09  to 0.05
0.02




-0.28  to -0.25
0.18























"NONE" denotes that there is no other  variable in the model.




















NONE 1A.  AG R&D  STOCK
PUBLIC
IB.  AG R&D STOCK
PRIVATE
1C.  AG R&D FLOW
2.  PUBLIC
INFRASTRUCTURE
3. ECONOMY  R&D






0.001*  to 0.006*
0.005*
-0.0006  to 0.006
0.001  to 0.003*
-0.0002  to 0.004*
0.014*
0.002  to 0.018
0.002*  to 0.003*
-0.002*  to 0.009*
0.006*
0.001  to 0.005*
0.10*




-0.005  to 0.0012
0.01*
-0.009 to 0.01
"NONE" denotes that there is no other variable in the model.
"1 OR MORE"  denotes that at least one or more variable is  included


































1 OR MORE I  - -- I I  IReferences
[1]  Aschauer, D.A.,  (1989),  'Is Public Expenditure Producitive?"  Journal  ofMonetary Economics,
23(2):177-200.
[2]  Backus,  D.K.,  P.J.  Kehoe  and  T.J.  Kehoe  (1992),  "In  Search  of Scale  Effects  in  Trade  and
Growth", Journal of Economic Theory:  377-399.
[3]  Ball,  VE.,  J.Matson,  and  A.Somwaru  (1994),  "Agricultural  Productivity  Revisited",  Unpub-
lished Paper, Economic  Research  Service,  US Department of Agriculture.
[4]  Capalbo,  S.M. and J.M.  Antle (1988),  "Agricultural  Productivity:  Measurement  and Explana-
tion", Resources  for the Future, Washington D.C.
[5]  Chavas, J.P.,  and T.L.Cox (1994),  "A Primal and Dual Approach to Nonparametric Productivity
Analysis:  The Case of US Agriculture",  The Journal of Productivity Analysis, 5:359-373.
[6]  Cooley,  T.F.,  and  S.F.  Le  Roy  (1981),  "Identification  and  Estimation  of Money  Demand",
American Economic Review(71): 825-844.
[7]  Diewert,  W.E.  (1974),  "Applications  of  Duality  Theory",  in:  Intriligator,  M.D.  and
D.A.Kendrick  (ed.),  Frontiers  of Quantitative  Economics,  Volume  II,  North-Holland,  Ams-
terdam.
[8]  Diewert, W.E. (1976),  "Exact and Superlative Index Numbers", Journal  of Econometrics 4:115-
145.
[9]  Diewert, WE.,  (1980),  "Aggregation  Problems in the Measurement of Capital", in:  Usher, Dan
(ed.), The Measurement  of Capital,  Studies in Income  and Wealth Vol.  45, National  Bureau
of Economic Research.
[10]  Diewert,  W.E.,  and  C.J.Morrison  (1986),  "Adjusting  Output  and  Productivity  Indexes  for
Changes  in Terms  of Trade",  The Economic Journal,  96:659-679.
[11]  Grossman,  G. and E. Helpman  (1991),  "Innovation and Growth in the Global Economy",  MIT
Press.
[12]  Gopinath,  M.,  and  T.L.Roe  (1994),  "Sources  of Growth  in  U.S.  GDP  and  economy  wide
23Linkages to the Farm Sector", Working Paper, Department of Applied Economics, University
of Minnesota,  St.Paul.
[13]  Hansen, G.D.(1985),  "Indivisible  labor and the  Business Cycle" Journal of Political Economy
1985.
[14]  Hodrick, R.J. and E.C. Prescott (1980),  "Post-War U.S.  Business  Cycles:  An Empirical Inves-
tigation" Working Paper, Carnegie-Mellon  University.
[15]  Huffman, W.E.  and R. Evenson (1994),  "Science  for Agriculture",  Iowa State University Press.
[16]  Jorgenson, D.W.,  and F.M.Gollop (1992),  "Productivity Growth in U.S. Agriculture:  A Postwar
perspective",  American Journal of Agricultural  Economics,  74:745-750.
[17]  Jorgenson,  D.W., M.S.Ho, and B.M.Fraumeni  (1993),  "The Quality of U.S.  Work Force  1948-
90", NBER Summer Institute on Productivity,  Cambridge.
[18]  Kohli  U.R.,(1993),  "GNP  Growth  Accounting  in  the Open  Economy:  Parametric  and Non-
parametric Estimates for Swizerland", Swedish Journal  of  Economics and Statistics,  129:601-
615.
[19]  Levine,  R.and D.Renelt  (1992),  "A Sensitivity  Analysis of Cross-Country  Regressions", Amer-
ican Economic  Review  (82):942-963.
[20]  Lucas, R.E.(1993), "Making  a  miracle" Econometrica, vol.61(2),pp.251-272.
[21]  Luh, Y and S.E.  Stefanou (1993),  "Learning-By-Doing  and the Sources of Productivity Growth:
A  Dynamic  Model  with Application  to US  Agriculture", The  Journal of Productivity  Anal-
ysis, 4:  353-370.
[22]  Munnell,  A.H.,(1990),  "Why has Productivity Declined?  Productivity and Public Investment"
New  England Economic Review,  Jan/Feb:3-22.
[23]  Pardey,  P.G.,  B.J.Craig, and K.W.Deininger  (1994),  "A New Look at  State-Level  Productivity
Growth in U.S.  Agriculture",  in:  Sundquist W.B.  (ed),  Evaluating Agricultural  Research and
Productivity  in an Era of Resource Scarcity,  Staff Paper, Department of Applied Economics,
University  of Minnesota,  St.Paul.
[24]  Romer P.M. (1990),  "Endogenous Technological Change", Journal  of Political Economy,  98(5):
24s71-s102.
[25]  Stokey  N.L.  (1988),  "Learning  by  Doing  and  the  Introduction  of New  Goods",  Journal of
Political  Economy 96:701-717.
[26]  Woodland,  A.D.  (1982),  "International  Trade and Resource  Allocation",  North- Holland,  Am-
sterdam.






1948 1950  1952  1954 1950  1958  1960  1902 194  1966  1965 1970  1972 1974  1976  1978  1980  1982  1984  1986  1988  1990  1992
1949  1951  1953  1955  1957  1959  1961  1963  1985  1987  1969  1971  1973  1975  1977  1979  1981  1953  1985  1987  1989  1991
YEAR





a.FIGURE  2 REAL PRICES  IN  US  AGRICUTURE
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